Chlorinated Insecticides, Electrochemical Reduction, Endosulfane, Dechlorination, X-Ray (R ) Partial dechlorination takes place if Endosulfane is electrolysed in methanol solution at lead cathodes. The products are detected and identified by GC/MS, IR and NMR spectroscopy. The structure of the product 2 is confirmed by an X-ray structural analysis.
Introduction
Recently we have described the electrochem ical reduction o f the polychlorinated oligocyclic insec ticides Mirex®, Kepone®, A ld rin 2 and C h lo rd an e3, which exhibited a rem arkably regio-and stereose lective behavior [2] . We now report on the reduc tion of Endosulfane ® (1), w hich is still in use in plant protection because it is less persistent in the environ ment as com pared with the above m entioned xenobiotics, under the same experim ental conditions.
Results and Discussion
The differential pulse polarogram o f E ndosulf a n e 5 (1) in D M F exhibits four reduction peaks, the potentials o f w hich are shifted by about +100 to +200m V as com pared w ith those observed for Aldrin® and C hlo rd an e5 (Table I ). This is due to the electron-w ithdraw ing effect o f the sulfite group o f 1. E lectrochem ical dechlorination o f (1) was achieved by reduction at a lead cathode in m ethanol. The electrolysis was carried out potentiostatically as de scribed earlier [2 -41 in a divided cell w ith an an ion exchange m em brane and a platinum counter electrode. At high current densities a m igration o f electrolysis products and interm ediates, probably in anionic form, through the m em brane w as ob served. Therefore the dechlorination was perform ed at a lower potential and a low er current density. As a consequence, the degree o f dechlorination was not as high as reported earlier for A ld rin "1, * Reprint requests to Prof. Dr. J. Voss.
(R ) Chlordane® and Alodan® [2] . However, four par tially dechlorinated reaction products 2 -5 could be isolated and identified:
The structure of the main product, the dihydroendosulfaneether (2), was established by an X-ray structural analysis. Crystal data and the details of the procedure are com piled in Table II . The struc ture was solved with the direct m ethod MULTAN [5] and differential Fourier synthesis. Refinem ent was perform ed by least-squares m ethods. A tom ic coordinates with standard deviations are listed in Table III [6] . Due to the poor quality o f the crystal 0 9 3 9 -5 0 7 5 /9 6 /0 3 0 0 -0 4 1 7 $ 06.00 © 1996 Verlag der Zeitschrift für Naturforschung. All rights reserved. Table II . Crystal data and experimental details. An ORTEP plot o f the 2-m olecule is shown in Fig. 1 . A selection o f characteristic structural param eters is given in Table IV . The structures of the other three m olecules 3 -5 were determ ined by N M R-and E l-m ass spectroscopy. The positions o f the bridge protons w ere confirm ed by m easurem ent of the nu clear overhauser effects and 'H -'H -c o u p lin g con stants. The dihydroendosulfaneether (3) is the first product resulting from electroreduction of bridged polychlorinated insecticides where the bridge pro ton is located in the syn position with respect to the double bond. In contrast to our previous studies on Aldrin® and Chlordane® we also observed to a small extent the reduction at the bridgehead chlo rine atom s (m olecule 4). This is probably due to the the electron-w ithdraw ing effect of the sulfite group, which is closer to the bridgehead chlorine atoms, than to the other positions and therefore facilitates their reduction. (5) Cl-02-C3-C3a -36.7 02-Cl-C7a-C3a -20.7
K
02-Cl-C7a-C7 92.7 C3-C3a-C4-C141 -83.5
C3-C3a-C4-C8 152.6 C3-C3a-C7a-Cl -0.4 C141-C4-C5-C151 30.2 C7a-C7-C8-C181 -179.0 C7a-C7-C8-H8 -44.4
Experimental
General and routine instrumentation NMR spectra were recorded on Bruker WM 250 and WM 400 spectrometers using CDCh as solvent and TMS as internal standard unless otherwise stated, IR spectra were recorded on a Perkin Elmer FT-IR 1720X instru ment and mass spectra on a Finnigan MAT CH7. Elec trolyses were performed using an ST 72 Standard Potentiostat and a VSG 72 Voltage Scan Generator (Bank Electronic, Göttingen, Germany). Differential pulse polarograms were recorded on a Metrohm polarecord 626 connected to a Metrohm VA-Stand 663 at a scan rate of 10mV/s at a hanging mercury drop electrode in 0.1 N TEAB in DMF.
Electrolysis conditions
The electrolysis was carried out potentiostatically in a divided cell with an anion exchange membrane (Permion 4035, Serva, Heidelberg, Germany). 1.0 g (2.5 mmol) Endosulfane (1) (Riedel-deHaen, Prestanal®) was reduced at a lead cathode in 100 ml MeOH / 0.1 M-tetraethylammonium bromide as solvent/supporting electrolyte system at a working potential of -1.7V to -2.0V vs. Ag/AgBr. The electrolysis and workup procedure was carried out as described earlier [2] , Instead of pentane the reaction mixture was extracted with ether. Because we could not separate the products by chromatography over silica gel we used preparative scale gas chromatography (Shimadzu GC8A) on a 3m SE-30 column. Therefore only small amounts of products were isolated. The fractions obtained by gas chromatography contained small amounts of decomposition products and therefore product 2 was further purified by recrystallization in dichloromethane while the products 3 -5 whereas filtered over silica gel.
